Response number R n (ft), proposed in [3, 4] , is an important independent dimensionless number for the dynamic response of structures [2] , In this paper, the response number is applied to the dynamic plastic response of the well-known Parkes' problem, i.e., beams struck by concentrated mass.
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Introduction
Many engineering structures are composed of the basic structural elements, such as beams, plates, and shells. Until now, there have been a large number of theoretical and experimental studies on the dynamic plastic behaviour of these basic elements. In order to compare results presented in the studies on deformed structures with similar geometries, boundary conditions, and loading, it seems necessary to normalize all variables into dimensionless forms. A general dimensional analysis for structural mechanics has been discussed by Jones in [1] , where important physical quantities in the dynamic inelastic response are considered in developing a complete set of dimensionless numbers using Buckingham Π theorem. The dimensionless numbers obtained from dimensional analysis are useful for scaling purpose and for organizing experimental model tests and numerical calculations to avoid any unnecessary repetition of the results in dimensionless space [2] , Recently, a new dimensionless number, response number,
has been suggested by Zhao [3, 4] for dynamic plastic response of structures made of rigid, perfectly plastic material. Here, 7 0 is the impulse per unit area of the impact loading, ρ is the material density, V 0 is the impact velocity, σ 0 is the yield stress of the material, L is the half length of beams or plates and Η is the thickness of beams or plates. When η = 2, R n (2) is abbreviated as R n . For impulsive loading, the response number can be expressed as
where D n is Johnson's damage number [5] D. = pvl (3) for assessing the behaviour of various metal structures subjected to dynamic loading. Johnson's damage number is a basic dimensionless similarity parameter in material dynamics.
The response number R"{n) is an important independent dimensionless number [2] and might be used extensively for the dynamic plastic response of structure. Now R"(n) has been used for the dynamic plastic response of structural members in [2] , structural bifurcation buckling in [4] , plates in [6] , and shells in [7] under uniformly distributed loading.
Concentrated impact is one of the important loading types in structural impact dynamics. Can R"{n) also be used for the dynamic plastic response of beams subjected to concentrated impact loading? In the presented paper, application of response number will be made for Parkes' problems [8, 9] , i.e., rigid, perfectly plastic beams subjected to mass impact.
Parkes' beams of mass impact

Impact of a mass on a fully clamped beam
In Ref. [8] , Parkes has studied the dynamic plastic response of a built-in beam, which has length 2L, thickness Η and unit breadth, with a transversely moving mass striking at any position in the span.
When struck at the mid-span by a mass Μ traveling with an initial velocity V 0 as illustrated in Figure 1 When ΜI mL» 1, the final permanent transverse displacement is
Therefore, for the mid-span, we have
Yr. 
and for the mid-span,
Impact of a mass on a cantilever beam
The dynamic response of a cantilever beam subjected to large dynamic loads, which produce an inelastic material behaviour, has been examined theoretically by many authors using rigid plastic methods of analysis. In particular, Parkes [9] studied the behaviour of a cantilever beam with length L which was struck at the tip by a mass G traveling with a velocity V 0 , as shown in Figure 2 (a) . 
where a -mL /(2G),
At the beam tip, we have the expression as
For one special case of heavy strikers (that is Equation (5) can be expressed as
and then in dimensionless form
Equation (6) can be rewritten as
For equation (7), we have It is demonstrated by equations (20) to (24) that the dimensionless mid-span final deflection is determined by Zhao's response number and mass ratio.
In the same manner, equations (9) to (14) also can be reformulated as following new forms.
For equation (9), it can be expressed as 
Impact of a mass on a long beam
Including those expressions presented in
Ref. [2, 3, 4, 6, 7] , it has been demonstrated that the response number is an important dimensionless number extensively utilized for dynamic plastic response of structures made of rigid-perfectly plastic materials. Actually, it should be pointed out that Zhao's response number can be used to study the elastic, plastic and dynamic plastic problems, and this dimensionless number would have a more extensive utilization for structural dynamics.
